several other explanations. One is that the choice of a suitable comparison group of blind children is difficult. In the above retinoblastoma studies the comparison groups included many children who were congenitally blind. The process producing congenital blindness may also have more general but subtle effects on the central nervous system resulting in decreased intellectual performance. In addition, children with retinoblastoma experience sightedness for several months or longer and this experience may enhance psychomotor growth compared to those who never had such stimulation (Schapiro and Vukovich, 1970) . Finally, many patients with retinoblastoma do not survive and those who do may be a select group as suggested by their higher birth weight (Fraser and Friedmann, 1967) .
To evaluate the association between retinoblastoma and intelligence while considering these points the following approach was used. Only those patients with retinoblastoma were studied who had useful vision preserved, close relatives affected, and for whom unaffected relatives could be used as controls. By selecting sighted patients as propositi the problem of matching blind controls free of brain damage who once were sighted was avoided. Using close relatives unaffected by retinoblastoma as controls limited the possible socioeconomic bias in referral and survival of retinoblastoma patients.
This approach had the added advantage of possibly reducing the heterogeneity in the patient sample. Retinoblastoma has several causes, germinal or somatic mutation at a single autosomal locus (Ellsworth, 1969) and gross deletion of genetic material on the long arm of a D group chromosome, usually number 13 (Allderdice et al, 1969; Orye, Delbeke, and Vandenabeele, 1971 ) which often produces other anomalies as well. By choosing only patients with positive family history, focus was presumably on the type of retinoblastoma due to germinal mutation.
Methods
Patients who had documented unilateral or bilateral retinoblastoma, vision adequate for reading, and a positive family history were sought through 6 medical centres in the eastern United States. Their families were contacted through the private physician or hospital clinic and a home visit arranged. During the visit the following information was obtained: general medical history, complete genealogy, and brief physical examination with ophthalmological study in appropriate cases. The propositus, other affected family members, and unaffected close relatives were given the complete verbal and performance portions of the Wechsler Intelligence Scale for Children and Adults (WISC and WAIS). Two affected adult relatives who were blind as a result of retinoblastoma were given the verbal part of the WAIS but the Stanford-Ohwaki-Kohs Block Design Intelligence Test was substituted for the performance part of the WAIS. All children in the study were tested by one of us (K.O'M.) and 2 of us administered all adult tests (K.O. and R.E.). All test results were scored by the same individual (K.O'M.). Individual differences in test performance between each affected person and his control relative were then analysed for significance using a Not included in our results but also evaluated by us were apparent monozygous twins, one of whom had unilateral retinoblastoma and survived while the other was unaffected. Because there was no family history of retinoblastoma they were not included in the main body of this study. The twins were judged to be monozygous on the basis of nearly identical appearance and concordance for all 17 blood group antigens and serum proteins tested. Both scored in the superior range (IQ>120) and within one point of each other on the WAIS. Since the tumour was unilateral in the affected twin and there was no family history the tumour probably was due to a new mutation which was most likely somatic (Ellsworth, 1969) . The observation that both twins, who were probably discordant for the retinoblastoma gene, were similar in psychometric performance provides further evidence that the presence of the mutant gene does not in itself confer intellectual advantage.
The findings in this report suggest that the increased intellectual performance noted in retinoblastoma survivors is probably not the primary consequence of their carrying the gene for retinoblastoma. Rather it is a reflection of the high intelligence of families with retinoblastoma survivors in this series.
These observations may have several explanations. Bright individuals may be more likely to produce children with retinoblastoma. Perhaps this is because their schooling is longer and pregnancies are delayed while formal training is completed. Increased parental age predisposing to such mutation has been noted in retinoblastoma (Fraser and Friedmann, 1967 (Fraser and Friedmann, 1967) . Birth weight is related to socioeconomic status and with intelligence (Churchill, Neff, and Caldwell, 1966) . The (Jensen and Miller, 1971 There was no significant difference between the 2 groups in overall function or on the verbal and performance subsections. However, the average overall IQ scores of the patients (116) and controls (115) were both significantly above the average in the United States taken as 100.
Since close relatives who are unaffected with retinoblastoma are also bright, it is unlikely that the high intelligence present in retinoblastoma survivors is due to the gene for retinoblastoma. More likely possibilities are that retinoblastoma is more frequent in bright families or that a patient with retinoblastoma is more likely to survive if born into a bright family, or both.
